Whilst the UK is planned to have a census in 2021, it may well be the last and there is official acknowledgement that the country's statistical system should be enhanced by greater use of administrative data. Thus, there is a pressing need to understand whether alternative data sources are fit for social science purposes. This study assesses the potential of utilizing administrative statistics for investigating the relationships between health and socioeconomic distributions for small areas; a type of study regularly carried out using census data. measures with health found to be poorer in areas with socioeconomic disadvantage. Overall, the administrative datasets used here reveal very similar patterns of health and deprivation to the decennial census suggesting they are viable alternatives and have great potential to enhance the country's statistical system given their availability outside census years.
Introduction
The decennial census in the UK is the most comprehensive source of socio-demographic information at varying geographical levels. The census has been essential for the allocation of public services based on the needs of subnational areas and for business targeting in the UK. However, the decennial census approach has been criticised in many ways. In May 2010, Sir Michael Scholar, Chair of the UK Statistics Authority (UKSA) wrote to the Minister for the Cabinet Office to say that, "As a Board we have been concerned about the increasing costs and difficulties of traditional Census-taking. We have therefore already instructed the ONS to work urgently on the alternatives, with the intention that the 2011 Census will be the last of its kind" (ONS, 2011a) .
High population mobility and more complex ways in which people live make the procedure of the UK's decennial Census taking more challenging and the concept of a snapshot of the entire population at a point in time less relevant (Dugmore et al, 2011) . Rapid population change, cost constraints, and the need for more timely and up-to-date statistics are increasingly driving the evolution of alternative methods for the collection and dissemination of detailed population and sociodemographic data across all geographical scales in the UK. Other factors driving the need for change include privacy, accuracy, completeness and duplication of existing data. Recent advances in information and communications technology which has improved the efficiency in the ways in which both public and private records (referred to as 'administrative statistics') are stored and organised suggests potential for alternative approaches (ONS, 2011a) . A system that organises information already being collected about the population from the day-to-day administration of public services and storage of customer data may be a more cost effective way of meeting the high demand for detailed and timely statistics. Essentially, the collection and dissemination of administrative data has great potential to, "satisfy the growing thirst for population intelligence" (Harper and Mayhew, 2012: 184) .
The 'Beyond 2011' programme began in April 2011 to assess the feasibility of using administrative statistics as an alternative to the UK's traditional census. Informed by the programme, a recent announcement that the UK government has welcomed the recommendation from the National
Statistician that there will be a 2021 Census (predominantly online) but that the country's statistical system should be enhanced by greater use of administrative data. Whilst good progress has been made to demonstrate that administrative sources have utility to aid in counting the population (Harper and Mayhew, 2012) , there is a pressing need to understand whether alternative data sources are fit for social science purposes in the analysis of population attributes. This paper contributes to the evidence base.
It is logical then to compare administrative data with the census to check for similarities in distributions. Since it is unrealistic to consider the full range of topics covered in the census, this study focuses on indicators normally included in health and deprivation measures and for which variables from administrative sources can be sourced. including both censuses requires conversions between the geographies which are possible (Norman et al, 2003) but beyond the scope of this work.
Relationships between health and deprivation
Attempts at quantifying geographical variations of need have been prominent in studies of population health with ample evidence that socially disadvantaged groups are more likely to suffer poorer health outcomes compared with those who are well-off in society. The presence of regional variations in deprivation is well founded as studies have also shown socioeconomic structuring of the population to influence spatial patterns (Walsh et al, 2010) . Health outcomes appear disproportionately poorer in some areas in the UK, notably Glasgow, Manchester and Liverpool, than can be explained by levels of deprivation (Whynes, 2009 ). There were attempts at linking socioeconomic conditions and health outcomes based on the 1971 Census data but an expansion of investigations into social inequalities in health followed the 1981 Census and the increasing use of residential postcodes in statistical records (Carstairs, 1995) . As a result, the past three decades have seen increasing use of census-based approaches in the study of health and deprivation based on ward geographies. The work of Jarman (1983), Townsend et al (1988) and Carstairs and Morris (1990) (Noble et al, 2006; Stafford et al, 2008; Tarozzi and Deaton, 2009; Norman, 2010) .
With increases in the availability of administrative data relating to health and economic activity, various studies have explored whether there are similar patterns to those found using census data (e.g. Nordbotten, 2010) . Norman and Bambra (2007) Thus, attempts have been made to determine links between health outcomes and deprivation using census-based approaches. However, comparisons of census measures of health and deprivation with equivalent administrative data in a geographical context have largely been limited to the analysis of mortality and of morbidity using limiting long-term illness (LLTI) and incapacity benefit (IB) data.
Relationships between other pairs of deprivation indicators are yet to be fully explored (Bécares et al, 2011) . No appraisals were uncovered on the potential of utilizing cross-sections of administrative statistics on different aspects of the population or on a timeline in England. This study fills this gap by investigating the relationship between health outcomes and deprivation using administrative data sources at different time points.
Data and Methods

Spatial data and sources
The geographical units of analysis for this study are the 32,482 Lower Super Output Areas (LSOAs)
in England. The LSOAs are statistical geographical units for which administrative statistics for small areas are published on a regular basis making them suitable for comparison over time (Neighbourhood-Statistics, 2004 The final index scores of the alternative deprivation indexes were derived by summing the z-scores of the variables equally weighted. This is consistent in method with the Townsend index (Townsend et al, 1988) . The relationship between the alternative deprivation index and IMD 2010 is also examined.
Results
Census and administrative indicators of health and deprivation: Do they tell the same story? Table 1 presents data for comparisons between variables. In line with previous studies (Bambra and Norman, 2006; Norman and Bambra, 2007) , the LLTI variable shows a strong relationship with working-age IB claims (0.70, p = 0.00). The strongest correlations (0.98, p = 0.00 and 0.96, p = 0.00) exist between equivalent measures of total numbers of resident population and pensioners. This is to be expected since the mid-year population estimates are estimates derived from a census base population. The weakest relationship (0.55, p = 0.00) exists between census measures of households in rented accommodation and number of dwellings in the lower end of council tax bands (A and B).
The low correspondence will be because the council tax band is not directly comparable with the census rented tenure measure. However, the low council tax band variable has strong relationships with LLTI, non-car ownership and unemployment (0.63, 0.64 and 0.61 all at p = 0.00) suggesting an association with socioeconomic disadvantage. Strong positive relationships are observed between unemployment and lone parent claims, non-car ownership and non-home ownership (0.76, p = 0.00 and 0.82, p = 0.00 and 0.75, p = 0.00).
[ Table 1 about here] [ Figure 2 about here] Figure 3 illustrates age-specific rates of self-reported health measures and IB claims for England. It can be seen that LLTI has the highest rates at all ages from 16 and above which is closely followed by NGH. PSD has the lowest rates for all ages and all categories and is most similar to IB. IB shows a similar pattern of illness rising steadily up to age 60. As expected, rates are lowest for ages below 25 for all sources. A temporal evaluation shows a decline of IB rates for all ages. [ Figure 3 about here]
The correlations in Table 2 [ Table 2 about here] [ Table 3 about here]
Patterns of small area deprivation beyond the census This section compares regularly used measures of deprivation (Townsend Index and IMD 2010) with a measure constructed from administrative data; an 'Alternative Deprivation Index' (ADI).
Similarities in the spatial and temporal patterns identified are examined to determine the utility of using administrative statistics to measure composite socioeconomic distributions in England instead of the census. If administrative statistics are to be used as an alternative way of measuring socioeconomic distributions instead of the census, then we must determine how well a relatively simple administrative-based measure of deprivation emulates existing indexes. The maps in Figure 5 show [ Table 4 The time-series analyses show a decline in the number of persons claiming benefits. This trend is contrary to the findings of previous studies (Bambra and Norman, 2006; Norman and Bambra, 2007) which have found IB claims to be on the rise. Whether the observed changes in the rate of IB claims as well as other income related benefits are due to 'real change' or as a result of changing regulations and conditions for claiming benefits is not certain. The benefit data relating to lone parents and pensioners are also found to demonstrate strong relationships (0.91 and 0.97 at p = 0.01 level) with census equivalents. The lower end of the council tax bands (A and B), is found to have a relatively weaker but moderately positive association with equivalent census counts of households in rented accommodation. This is expected since the two measures are not directly comparable but does show some association with other indicators of socioeconomic disadvantage. Also, the data do not fully comply with the stringent national statistics standards so would not be expected to produce highly reliable standards. IB rates are seen to be strongly related with other measures of deprivation.
The series of health and deprivation models constructed using administrative data-based indicators identified similar spatial patterns compared with regularly used approaches constructed from census data. The study has shown that IB-based standardised illness ratios identify similar patterns with illness ratios derived from census measures of health of LLTI, NGH and especially for those reporting to be 'permanently sick or disabled' (PSD). Though some changes are observed in the spatial and temporal patterns of ill-health between 2001 and 2010, the broad patterns remain similar with higher illness rates observed in urban conurbations compared with more rural locations. The IB has the advantage over the decennial census of regular availability and can thus be used for monitoring short term patterns of heath distributions in England. In line with previous studies, illness rates for Northern England remain higher than the more southern parts with the exception of London. Furthermore, the broad patterns of administrative measures of deprivation are found to be consistent with census-based patterns identified elsewhere (Mclennan et al, 2011) . The similarities relate to the concentration of higher levels of disadvantage in LSOAs in urban areas compared with more rural ones. Greater inequality in socioeconomic distributions is also confirmed in urban areas with most cities containing pockets of affluent LSOAs in deprived areas and people living in deprived LSOAs in otherwise affluent neighbourhoods Marmot, 2003, Townsend et al, 1988) . Not owning a car or a home might not necessarily equate to socioeconomic deprivation especially in London where young families and professional migrants are more likely to rely on public transport systems and live in rented accommodation compared with more rural locations. Hence, the two indicators might be more reflective of households in particular life stages than of deprivation. It is recommended that future studies explore; in specific terms, the factors accounting for the difference observed in London's deprivation patterns in relation to health. The study confirms the strong relationship between IB health measures and the administrative-based models of socioeconomic conditions of the population. This is consistent with previous findings (e.g. Curtis and Rees Jones, 1998 ) which clearly show poor health to increase with social disadvantage. Despite data limitations and conceptual flaws associated with deprivation indexes, this study, in addition to previous findings, shows that administrative statistics have good potential for providing up-to-date statistics on a regular basis for health studies. Although data protection barriers and ethical issues surrounding the use of administrative statistics remain a major limitation to health research, the ambition of replacing the traditional census approach with a system that organises existing administrative databases in the UK is worth exploring.
Strengths of the study
The study validates the similar but not identical correspondence between incapacity benefit data and census measures of health. In addition, it examines the relationships between a range of census and administrative statistics on housing and other benefit claims questioned in literature. These include administrative statistics relating to council tax valuations, pensions, lone parents and job seekers allowance which are shown to be strongly related to census equivalents (households in rented accommodation, pensioners, lone parent with dependent children and count of unemployed persons).
The study also shows the rate of income related benefit uptake to be a useful indicator of Users of population statistics can lobby about definitional aspects and the inclusion of questions in census and official surveys. This is not the case with administrative data, the specification of which is beyond the influence of users. This study has been heavily reliant on benefit related data. Benefit systems are constantly undergoing welfare reforms and changing regulations which redefine the categories of people who can access these benefits. Therefore, the demographic information derived is subject to any future changes to administrative systems. The inconsistency in data over time reduces reliability and increases uncertainties in the temporal analyses undertaken in this study.
The range of administrative data available for small area geographies and for the time-series, 2001, 2006 and 2010 on the subject matter is also a limitation. Future studies should incorporate a wider range of variables where possible to increase the reliability and versatility of results. The appropriateness of the deprivation variables used and the ways of combining these into scores are subject to question with only a narrow range of deprivation aspects captured. The limitation of adequacy of variables for constructing socioeconomic models results more from lack of availability of relevant administrative statistics which could have been included. Nevertheless, this study, shows the explanatory power of the models in relation to health events to be sufficiently robust. Note: Green areas represent lower than national average illness ratios and red areas indicate higher than national average ratios. White indicates the national average 
